Cultures of L cells were synchronized with respect to deoxyribonucleic acid (DNA) synthesis with thymidine and 5-fluoro-2'-deoxyuridine (FUdR) and infected with Newcastle disease virus (NDV), mengovirus, or reovirus 3. Inhibition of incorporation of 3H-cytidine into the DNA of synchronized cells is partially inhibited 2 hr after infection with NDV or mengovirus and nearly completely suppressed 4 hr after infection. With NDV and mengovirus, no evidence was obtained of differences in sensitivity of cells during early S phase as compared to later stages in DNA synthesis. When cells were infected with reovirus at the time of release from FUdR block, inhibition of cellular DNA synthesis was evident at 2 to 3 hr, and it was complete at 4 to 5 hr after infection. However, when cells were infected several hours prerelease, synthesis of DNA occurred in early S phase in spite of the fact that the cells had been infected for up to 6 hr. The results indicate that DNA synthesis in early S phase is relatively insensitive to the inhibitory function of reovirus. Colorimetric determinations (diphenylamine reaction) of the amounts of DNA produced in synchronized cells have substantiated the inhibition of DNA synthesis observed by isotope incorporation techniques.
Newcastle disease virus (NDV) (12) , mengovirus (6) , and reovirus infections (8) all cause inhibition of the synthesis of cellular deoxyribonucleic acid (DNA). NDV and mengovirus also inhibit the synthesis of cellular proteins, and it appears that the inhibition of cellular DNA synthesis in these cases is secondary to inhibition of cellular protein synthesis (5) . In contrast, no reduction in overall protein synthesis is observed in reovirus-infected cells (3, 8) . Available evidence supports the view that inhibition of DNA synthesis in reovirus-infected cells may be a direct effect.
In all these infections, the inhibition in cellular DNA synthesis is associated with an apparent reduction in the number of chromosomal regions active in replication, rather than a reduced rate of polymerization within such regions (4, 5) . No changes have been demonstrated in the physical state of the cellular DNA template or the level of activity of selected enzymes in the DNA synthetic pathway in cells infected with NDV, mengo, or reovirus. Also, the time course of the growth of daughter DNA chains in infected cells is similar to that in uninfected cells. However, the number of growing daughter chains appears to be reduced, which has suggested that in all cases inhibition is due to a block of initiation of DNA synthesis upon independently replicated regions of chromosomal DNA (4, 5) .
To obtain further evidence concerning the mechanism of inhibition of cellular DNA synthesis in these virus infections, it was decided to employ synchronized cultures of cells (7, 9, 11) . Use of synchronized cultures allows investigation of the sensitivity of DNA replication to inhibition during various parts of the DNA synthetic phase. Moreover, DNA synthesis can be monitored in synchronized cells by colorimetric techniques, whereas in unsynchronized cells this is made difficult by a large background of nonreplicating DNA.
MATERIALS AND METHODS L cells were maintained in suspension culture as previously described (3) . The production of NDV, mengovirus, and reovirus type 3 stocks and the growth characteristics of these viruses in suspension cultures of L cells have been previously described (3) (4) (5) . Cells were synchronized with respect to DNA synthesis by the combined use of thymidine and 5-fluoro-2'-deoxyuridine (FUdR Figure 1 shows that the length of the DNA synthetic phase in uninfected control cells was approximately 6 hr. The increase in DNA was essentially linear over this period. In the experiment shown, NDV or mengovirus was added 1 hr after release of cells from FUdR block. Inhibition of cellular DNA synthesis is evident in infected cells by 2 hr after infection, i.e., by 3 hr after release, and becomes increasingly more complete so that, after the 4th hr of infection, there is very little additional incorporation of labeled cytidine into DNA.
RESULTS
It is evident that infection with NDV or mengovirus leads to cessation of cellular DNA synthesis, and not merely to a reduction in the rate of synthesis. In other experiments, in which cells were infected at release, cellular DNA synthesis was also inhibited by 2 hr after infection and almost completely inhibited by 4 hr after infection. The interval between appearance of inhibition and cessation of DNA synthesis is thus approximately 3 hr. This interval may at least in part reflect the rate of accumulation of viral products in the infected cell.
There are two possible explanations as to why there was no inhibition during the early hours after infection. It may take the infecting virus at least 1 hr to express the function which is responsible for inhibition of cellular DNA synthesis; or, alternatively, DNA synthesis may not be sensitive to viral effects during the 1st hr after release from block. To decide between these alternatives, experiments were done in which cells were infected with NDV or mengovirus 3 hr prerelease. There was little or no DNA synthesized after release under these circumstances. These results indicate that DNA synthesis early in S phase is sensitive to inhibition by infection with NDV or mengovirus, but that it takes these viruses at least 1 hr to express inhibitory functions. Figure 2A shows 
DISCUSSION
The present results show that NDV or mengovirus infection inhibits L-cell DNA synthesis in synchronized cells with kinetics which are similar to those described for unsynchronized cells (5) . In contrast, infection of synchronized cells at release with reovirus causes inhibition of DNA synthesis significantly sooner than observed in unsynchronized cells infected under similar conditions (3, 4) . An The findings with reovirus raise the possibility that, at the beginning of the S phase, DNA replicates under conditions that are different from those which apply later. Previous autoradiographic experiments in unsynchronized cultures have demonstrated (7) that reovirus infection does not reduce the number of cells with nuclear grains, but it does reduce the amount of labeled thymidine incorporated per nucleus. Thus, both the previous and present results indicate that a reovirus-infected cell is able to enter DNA synthesis but that infection causes a rapid decline in the amount of DNA replicated.
Recent studies on heteroploid human amnion cells synchronized with excess thymidine and amethopterin have shown that, during the first 10 min of the S period, incorporation of 3H-thymidine label is restricted to the periphery of the nucleus and nucleolus (2) . In synchronized cells labeled for 20 min the distribution is more homogeneous. In unsynchronized cells labeled for 10 min, the grains are not restricted to the periphery of the nucleus but are homogeneously distributed in the nucleus. These observations have suggested that DNA synthesis in a cell begins at the nuclear membrane and have focused attention on the functional importance of attachment of chromosomes to nuclear membrane. The importance of these results for studies with reovirus is that they point to a distinction between DNA replication during the earliest part of the S period and subsequent DNA replication.
An attractive hypothesis is that reovirus infection has no effect on that DNA replication which takes place in association with the nuclear membrane in early S phase. Save for the lack of thymidine, the FUdR-blocked cell is ready to enter the S phase. It may be postulated that the necessary association of DNA template, enzyme(s), initiator(s), and nuclear membrane may have taken place many hours prior to release from block, possibly even before infection with virus. Under these conditions there apparently is no target in early S phase for the highly selective inhibitory function of reovirus, although NDV and mengovirus still find a target, which may be the synthesis of some additional necessary protein.
The mechanism by which, in later parts of S phase, reovirus infection apparently blocks initiation of daughter chains upon new regions of DNA is an as yet unsolved problem (4 
